Objective: The Chernobyl accident caused widespread effects across Europe and huge areas were radiocontaminated. The major impact of the accident on human health was a sharp increase in childhood thyroid carcinoma and autoimmune thyroid diseases in exposed populations. The thyroidal effects of the Chernobyl accident have been investigated in most European countries, except Turkey. The aim of the current study was therefore to determine the thyroidal consequences of the Chernobyl nuclear power station accident in a selected Turkish population. Design: This study was designed as a sectional, area study, between October 2000 and March 2001, in two different regions of Turkey. According to the data of the Turkish Atomic Energy Authority, the eastern part of the Black Sea region was the most radiocontaminated area in Turkey at the time of Chernobyl accident, while Middle Anatolia was not seriously affected. Thus, Rize city, which is located in the eastern Black Sea region, served as a study area, and 970 adolescents, living in this region, comprised our study group (group R). On the other hand, Beypazarı, which is located in Middle Anatolia was choosen as the control region, and 710 adolescents living in this location were enrolled into the study as controls (group B). Methods: During the study, thyroid ultrasounds were performed in all subjects and thyroid volumes were calculated. World Health Organization and International Council for Control of Iodine Deficiency Disorders criteria were used for the determination of goiter. Thyroid fine-needle aspiration biopsy with ultrasound guidance was performed when a nodule was detected. Blood samples for thyroid function tests and thyroid autoantibodies, and urine samples for urinary iodine excretion were collected from all subjects. Results: Thyroid function tests were similar in both groups, but thyroid volumes were found to be higher in group B ð13:93^5:04 vs 17:66^5:58 ml; P , 0:001Þ: The prevalence of goiter was found to be 28.25% in group R and 61.95% in group B ðP , 0:001Þ: Thyroid nodules were determined in 6.28% of subjects in group R and 4.22% of subjects in group B ðP ¼ 0:065Þ: No malignant lesions were found in either of the regions. Although the percentage of autoantibody-positive subjects did not differ between groups (21.25% in group R vs 18.72% in group B), the mean antithyroglobulin level was found to be higher in group R ð63:25^378:60 vs 51:97^333:32 IU=ml; P , 0:001Þ and the mean anti-thyroid peroxidase level was higher in group B ð24:14^219:09 vs 48:82^568:50 IU=ml; P , 0:001Þ: The iodine status of the selected regions was found to be significantly different (median urinary iodine excretion was 131 mg/l in Rize and 54 mg/l in Beypazarı). Conclusions: Although there was a slight increase in nodule prevalence and thyroid antibody-positive subjects in the study group, it is hard to conclude that Turkey was affected by the Chernobyl accident. These results, at least the significant differences with regard to the prevalence of goiters between groups, may reflect the different iodine status of the selected regions.
Introduction
The Chernobyl nuclear power station accident was on 26 April 1986 and caused a large amount of environmental pollution. A tremendous amount of radioactivity was discharged into the atmosphere. It is fair to say that in terms of the amount of radioactive fall-out, the accident was comparable with a medium-sized nuclear strike (1) . Immediately after the accident, the most significant radioisotopes released from the biological point of view were radioiodines. It appears that between 40 and 50 million Curies of 131 I, 70 millionchildren from the affected areas. Unfortunately, the disaster had an impact on many countries. Regions affected by radioactive fall-out included not only Ukraine itself but also Belarus, Russia, Georgia, Poland, Sweden, Germany, Austria, Hungary, Finland, Norway, Turkey and others. Even such distant countries as the USA and Japan received measurable amounts of radiation (1) . The major effect of the Chernobyl accident on human health demonstrated so far is the very large rise in the incidence of thyroid carcinoma in children, in particular papillary thyroid carcinoma (3 -7) . Subsequent studies confirmed an association between the appearance of thyroid cancer in those people exposed to the explosion and this appeared to be directly related to the distance from the epicentre of the explosion and inversely related to the age of those exposed (8, 9) . The thyroid cancer risk varies considerably with time after exposure (10) . Children under 5 years of age have five times the risk of older children and about eight times the risk of young adults for the subsequent development of thyroid cancer after radiation exposure (10, 11) . Beginning in 1990, 4 years after the accident, an impressive increase in the appearance of thyroid cancer in children in the most heavily contaminated regions was noted (12, 13) .
A marked increase in benign thyroid nodules (14) and autoimmune thyroid disease prevalence were reported after the Chernobyl accident, in addition to thyroid cancers in the contaminated areas (15 -18) . A comprehensible and well-known consequence of the impact of radiation on the thyroid is lymphocytic thyroiditis (19) . Thyroid antigens can be released into the circulation as a result of thyroidal damage after radiation and this may be a trigger for the autoimmune reaction against the thyroid gland (18, 20) .
Up to now the thyroidal effects of the Chernobyl accident have been investigated in most European countries, except Turkey. So the aim of the current study was to determine the thyroidal consequences of the Chernobyl nuclear power station accident in a selected Turkish population.
In this study, 1680 adolescents between 14 and 18 years of age, living in two different regions (one is known to be radiocontaminated and the other is not) of Turkey were examined to find out whether or not the Chernobyl accident affected Turkey.
Subjects and methods
This study was designed as a sectional, area study, between October 2000 and March 2001, in two different regions in Turkey. According to the data of the Turkish Atomic Energy Authority, average radiocaesium contamination was found at 900 Bq/m 2 , and average radioiodine contamination was found to be as high as 8000 Bq/m 2 in Turkey just after the Chernobyl accident. The estimated radioactivity per person in the Turkish population is 1100 Bq (21) . The eastern part of the Black Sea region was the most radiocontaminated area in Turkey at the time of the Chernobyl accident, while Middle Anatolia was not seriously affected (21) . Hence, Rize city, which is located in the eastern Black Sea region, served as a study area, and 970 adolescents, living in this region, made up our study group (group R). On the other hand, Beypazarı, which is located in Middle Anatolia, near Ankara, the capital, was chosen as the control region, and 710 adolescents living in this location were enrolled into the study as controls (group B). Subjects aged between 14 and 18 years of age were selected for the study since they were all between 0 and 5 years of age at the time of the Chernobyl accident. Table 1 shows the demographic properties of the study and control groups.
During the study, thyroid ultrasounds were performed in all subjects by using real-time B mode, high resolution, General Electric sonography (Hino-shi, Tokyo, Japan) with a 7.5 MHz probe. Thyroid volumes were calculated using the formula (height (a) £ length (b) £ thickness (c) £ p/6). The volumes of both thyroid lobes were calculated separately and the sum of the volumes of both lobes was accepted as thyroid volume (22, 23) . For the determination of goiter, World Health Organization and International Council for Control of Iodine Deficiency Disorders criteria were used. Thyroid volume over 13.9 ml in boys and 14.6 ml in girls for 14-year-old adolescents and thyroid volumes over 16.0 ml in boys and 16.1 ml in girls for 15-to 18-yearold adolescents were accepted as goiter (24) . Focal, discrete areas, larger than 2 mm in diameter, and whose echo-density was greater than (hyperechoic), lower than (hypoechoic), or equal to (isoechoic) the rest of the gland were accepted as nodules (25) . Thyroid fine-needle aspiration biopsy (FNAB) was performed by ultrasound guidance when a nodule was detected.
Laboratory determinations
Blood samples for thyroid function tests and thyroid autoantibodies, and urine samples for urinary iodine excretion were collected from all subjects. Both urine and blood samples were frozen immediately and kept at 2 80 8C until assay. Free thyroxine (FT 4 ) analysis Step RIA coated tube (BC 1008-Biocode) kit were used. Anti-Tg and anti-TPO results are expressed as IU/ml. Anti-Tg levels over 10 IU/ml and anti-TPO levels over 15 IU/ml were accepted as autoantibody positivity (15) . Urinary iodine excretion was determined using an enzymatic method, the Sandell -Kalthoff method, with Fisher reactives and by using spectrophotometry (26) . Results are expressed as mg/l.
Statistical analysis
Independent samples' t-test was used for comparison of the demographic properties of the study and control groups and for the comparison of thyroid volumes in the two groups. Female/male ratios in the groups and different cytological patterns found due to FNAB results were compared using Fisher's exact test. Urinary iodine excretion, thyroid function tests and thyroid autoantibody levels were compared with the MannWhitney U test. The Chi square test, as appropriate, was also used to compare the goiter prevalence, nodule prevalence, autoantibody positivity prevalence, and ratio of the subjects with urinary iodine excretion under 100 mg/l and under 20 mg/l in groups R and B. Data are given as means^S.D. or median. A P value , 0.05 was accepted as significant. Table 2 shows the results of our comparison of the study and control regions.
Results
In contradiction of the previous studies done in the same areas, the iodine status of the selected regions was found to be significantly different (27, 28) . Rize city is known to be a seriously iodine-deficient area but the median urinary iodine excretion was found to be 131 mg/l in our study. This shows that the study group had sufficient iodine intake. On the other hand, our control region, Beypazarı, showed mild iodine deficiency with 54 mg/l urinary iodine excretion in the control subjects. The ratio of cases with iodine excretion under 100 mg/l was found to be 22.4% in Rize and 63.3% in Beypazarı ðP , 0:001Þ: In addition, 20.1% of the control subjects had urinary iodine excretion under 20 mg/l in Beypazarı, though only 5.0% of the study subjects in Rize had severe iodine deficiency, according to their urinary iodine excretion ðP , 0:001Þ: Hence, study and control regions were also different in the ratio of subjects with iodine deficiency.
Thyroid function tests were similar in both groups, but thyroid volumes were found to be higher in group B, as a reflection of the importance of iodine deficiency in goitregenesis ð13:93^5:04 vs 17:66^5:58 ml; P , 0:001Þ: Similar results were obtained when the mean thyroid volumes of the different sexes were compared between groups. Mean thyroid volumes of male subjects were found to be 14:13^4:86 ml in group R and 18:28^5:39 ml in group B ðP , 0:001Þ: Mean thyroid volumes of female subjects were found to be 13:71^5:23 ml in group R and 17:07^5:70 ml in group B ðP , 0:001Þ: Mean thyroid volumes of the male and female subjects were significantly different in group B ðP , 0:01Þ; although no sex difference was found in thyroid volumes in group R. The prevalence of goiter was found to be higher and goiter was endemic in both regions, but it was more pronounced in Beypazarı for both sexes. Comparing the two regions, goiter prevalence was found to be 30.8% in Rize and 70.5% in Beypazarı for males ðP , 0:001Þ and 25.7% in Rize and 53.4% in Beypazarı for females ðP , 0:001Þ: Over all, 28.25% of the subjects had a goiter in Rize while 61.95% of the subjects had a goiter in Beypazarı ðP , 0:001Þ: Thyroid nodules were determined in 61/970 (6.28%) of the subjects in Rize and 30/710 (4.22%) of the subjects in Beypazarı. Thyroid nodule prevalance was higher in the study group but the difference was not statistically significant, although it was close to significance ðP ¼ 0:065Þ: Table 3 shows the cytological results of FNAB in the subjects.
As shown in Table 3 , colloidal nodules were more frequent in the study group. Although the difference did not reach significance, the frequency of Hashimoto's thyroiditis was prominent in the study group. On the other hand, no malignant lesion was found in either of the regions.
Thyroid autoantibody levels were different between the study and control groups. Although the percentage of autoantibody-positive subjects did not differ between the groups, the mean anti-Tg level was found to be higher in group R ð63:25^378:60 vs 51:97^333:32 IU=ml; P , 0:001Þ and mean anti-TPO level was higher in group B ð24:14^219:09 vs 48:82^568:50 IU=ml; P , 0:001Þ: The percentage of anti-Tg-positive subjects was found to be 20.58% in group R and 18.43% in group B, and that of anti-TPO-positive subjects was 4.83% in group R and 4.39% in group B. Both anti-Tg and anti-TPO positivity were determined in 4.04% of group R and in 4.11% of group B. In addition, 21.25% of the subjects in group R and 18.72% of the subjects in group B had thyroid autoantibody positivity (anti-Tg and/or anti-TPO). The difference in thyroid antibody positivity in the groups was not statistically significant.
As expected, thyroid autoantibody positivity was higher among girls when compared with boys in both regions, but the difference was not significant (in Rize 15.74% for boys, 27.44% for girls; in Beypazarı 11.37% for boys, 25.69% for girls). Comparing the percentage of autoantibody-positive males and females, there was no difference between the groups. Mean anti-Tg and anti-TPO levels were found to be higher in females in the study and control regions, and the difference was significant. The mean anti-Tg levels were found to be 99:07^474:09 IU=ml in females 
Discussion
The Chernobyl nuclear power station accident has entered the chronicles of the 20th century as the worst technogenic environmental disaster in history (1) . It caused widespread effects across Europe and huge areas were radiocontaminated. Although 131 I has a half-life of only 8 days, it caused large radiation exposures during the weeks immediately following the accident. As a consequence of inhaling aerosols containing 131 I, the thyroid glands of the exposed population are thought to be affected seriously; especially those who were children. Because iodine is collected in the thyroid gland, these children have developed chronic inflammation of the thyroid. Although the inflammation itself produced no symptoms, it has started to give rise to a wave of cases of autoimmune thyroid diseases (15 -18) . On the other hand, a sharp increase in childhood thyroid cancer was also observed in the years following the accident (1, 3-5, 12, 13) .
Turkey is closer to the place of the accident than most European countries but fortunately the disaster did not affect the whole country except the north eastern part, the Black Sea region (21) . This is the first report investigating the probable thyroidal consequences of the Chernobyl accident in Turkey, by comparing 14-to 18-year-old adolescents, who were between 0 and 5 years of age at the time of the accident, living in the north eastern region with their age-and sex-matched controls living in Middle Anatolia.
According to our results, the iodine status of the selected regions were different from each other. Compatible with previous studies, the study area, Rize city, is known to be an iodine-deficient area with 14 mg/l urinary iodine concentrations (27, 28) . Hence we selected a town which was also known to be an iodine-deficient area for comparison. To our surprise, however, we found that the median urinary iodine excretion in the study region was high and the area was found to be iodine sufficient with a median urinary iodine excretion of 131 mg/l. This is probably due to mandatory salt iodinization which was started in 1999 in Turkey. Mandatory salt iodinization caused an increase in urinary iodine excretion in Beypazarı, our control region, as well, when comparing it with previous studies (27, 28) , but it was still a mildly iodine-deficient area.
The thyroid function tests were similar in both regions. However, goiter prevalence and the mean thyroid volumes in the whole group and in both sexes were all found to be lower in Rize, in the study group. However, previous studies investigating the probable effects of the Chernobyl accident have demonstrated that thyroid enlargement is much more frequent in the exposed population (16) . Our results seem to be a reflection of higher median urinary iodine excretion in the study population. It is well known that iodine deficiency is the most important factor for goitregenesis (27 -29) . The difference in median urinary iodine excretion has led to the difference in goiter prevalence between the regions. Hence the Chernobyl accident is not likely to have a role in goitregenesis in the contaminated area.
Although the goiter prevalence in Rize was lower when compared with Beypazarı, goiter is still endemic in Rize (28.25%), as in Beypazarı (61.95%). But the ratios show that goiter prevalence has been decreasing in the region compared with previous data (27, 28) . Studies on the population exposed to the radioactivity showed that not only the prevalence of thyroid cancer but also the prevalence of benign thyroid nodule increased after the exposure (30 -33) . Thyroid nodule prevalence was higher in Rize than in Beypazarı, but the difference was not statistically significant (6.28% vs 4.22%; P ¼ 0:065). Hence it is difficult to claim that radioactivity played a causative role on nodule development in our study group. On the other hand, in different studies, thyroid nodule prevalence was found to be between 0.055% and 1.8% in school-age children (34, 35) . These prevalences were much lower compared with our results. Nodule prevalence was also high in our control group. Thyroid nodules are more frequent in iodine deficiency and, beside TSH, iodine is one of the best known classic factors that control thyrocyte proliferation (36) . High thyroid nodule prevalences in both regions may be the result of the severe to mild iodine deficiency in the regions in earlier times. Previous reports showed that the Black Sea region was a severely iodine-deficient area, and Middle Anatolia was a mildly iodine-deficient area before mandatory iodinization in Turkey (27, 28) .
No malignant lesion was determined in the study or control subjects according to FNAB results. Previous studies have demonstrated a very large rise in the incidence of thyroid carcinoma in children after Chernobyl (3 -7) . From this point of view, we have difficulty in accusing the Chernobyl accident of the relatively higher thyroid nodule ratio determined in the study group. Essentially, nodule formation, in particular colloidal nodule formation, can develop in individuals living in an iodine-deficient area after iodine prophylaxis (37) and our study group is a good example.
Pacini et al. (15) found a significantly higher prevalence of anti-Tg and/or anti-TPO autoantibodies in individuals exposed to radiation after Chernobyl. Kasatkina et al. (16) demonstrated a marked increase in the frequency of autoimmune thyroid disease in an iodine-deficient population of children exposed to low radioactive fall-out compared with an even more iodine-deficient population of children who were not so exposed. In an other study (17) , the prevalence of circulating thyroid autoantibodies in the contaminated area was found to be fourfold higher than the uncontaminated neighbouring area. On the basis of autoimmune thyroid diseases, it is again hard to conclude that Chernobyl has had an important role in the development of the autoimmune thyroiditis found in our study. Mean anti-Tg levels were significantly higher in the study subjects ð63:25^378:60 vs 51:97^333:32 IU=mlÞ; but mean anti-TPO levels were significantly higher in the controls ð24:14^219:09 vs 48:82^568:50 IU=mlÞ: Anti-Tg autoantibodies may be the result of the high iodine intake in the study group (38, 39) , because excess iodine intake may cause autoimmune thyroid disease by interacting with the immune system (40) . But it is difficult to explain the higher anti-TPO level in the control group. The prevalence of thyroid autoantibody positivity was only slightly higher in the study group. In spite of the fact that the percentage of autoantibody-positive subjects was higher in females than in males, the difference was not significant in any region. On the contrary, both mean anti-Tg and anti-TPO levels were found to be significantly higher in female subjects, but there was no difference between the regions. It is well known that autoimmune thyroid diseases are more frequent in females (41) . So, no important rise in autoimmune thyroid disease prevalence was determined in the radiocontaminated region in this study. A higher frequency of Hashimoto's thyroiditis might also be the result of higher iodine intake in our study subjects. In their study, Lind et al. (42) pointed out that lymphocytic thyroiditis was more frequent in the iodinesufficient areas (42) .
In conclusion, although there was a slight increase in nodule prevalence and thyroid antibody-positive subjects in the study group, it is difficult to conclude that Turkey was affected by the Chernobyl nuclear power station accident. These results, at least the significant differences on goiter prevalence between the groups, may be caused by the different iodine status of the selected regions. As a result of iodinized salt prophylaxis in Turkey, the iodine status of the regions has been changed. However, a striking result of the present study was that iodine deficiency and endemic goiter are still present and constitute an important health problem, despite 2 years of iodinized salt prophylaxis in Turkey.
